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Background/Aims: A link between G protein (33 (GNB3) 
polymorphism and functional dyspepsia (FD) has been sug- 
gested. The aim of this study was to determine the role of 
GNB3 polymorphism in the long-term prognosis of FD in 
Koreans. Methods: FD patients and normal healthy controls 
were recruited from patients who visited our center between 
December 2006 and June 2007. All of the subjects complet- 
ed Rome III questionnaires before undergoing upper gastro- 
intestinal endoscopy and colonoscopy. Genomic DNA was ex- 
tracted for GNB3 genotyping. After 5 years, the subjects were 
reevaluated using the same questionnaires. Results: GNB3 
825T carrier status was significantly related to FD in Koreans 
(p=0.04). After 5 years, 61.0% of the initial FD patients and 
12.2% of the initial normal subjects were diagnosed with FD 
(odds ratio [OR], 11.7; 95% confidence interval [CI], 4.3 to 
31.1; p<0.001). Regardless of the GNB3 genotype (p=0.798), 
female sex was strongly correlated with FD after 5 years (OR, 
3.3; 95% CI, 1.2 to 9.1; p=0.017). Conclusions: The T allele 
of GNB3 is linked to FD in Koreans but does not predict long- 
term prognosis. Female sex is related to a higher prevalence 
of FD after 5 years. (Gut Liver 2014;8:271-276) 
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INTRODUCTION 

Functional dyspepsia (FD) is a kind of functional gastroin- 
testinal disorder (FGID) that is characterized by the presence 
of repetitive symptoms that are thought to originate in the 
gastroduodenal region in the absence of any organic, systemic 
disease. 1 FD is a highly prevalent disease, affecting about 8°/o 



to 25% of the general population. 2 Korean epidemiologic stud- 
ies have demonstrated that the prevalence of FD in Koreans is 
between 8°/o and 37°/o based on Rome in criteria. 3 ' 4 Due to high 
morbidity and the prolonged duration of FD, it has a substantial 
impact on the patient's quality of life and medical costs. 5,6 

FD is a heterogeneous disorder, and multiple pathogenetic 
mechanisms are likely to be involved. The etiology of FD is as- 
sumed to be associated with delayed gastric emptying, altered 
visceral sensitivity, dysfunction of the autonomic nervous 
system, infection, alterations of the immune system, altered 
intestinal motility, and psychiatric factors. 7 9 Recently, genetic 
approaches have made forward steps to identify the etiology 
of FD. A number of receptors, including serotonin transporter 
protein, interleukin-10, and heterotrimeric G proteins, have 
been shown to alter gastrointestinal functions related to 
FD. 1<M2 Among many candidate genes, the G protein [33 (GNB3) 
subunit polymorphism is still being studied. GNB3 is located on 
chromosome 12pl3.31. 1J It is present in all cells of the body, 
encodes for the (Sa3 subunit of the G protein complex, and 
plays a key role in the downstream signaling cascade following 
monoamine receptor activation. 12 GNB3 has a single nucleotide 
polymorphism, C825T, that converts a cytosine to a thymidine, 
and allele shifting according to each subtype shows different ac- 
tivity. 13 Taken together, this GNB3 polymorphism can lead to an 
altered signal transduction and functional abnormality such as 
the changes in sensory function or motility that are associated 
with FD, as it does in depression, 5 hypertension, 13 and obesity. 14 

Intriguingly, studies on the association between GNB3 poly- 
morphism and FGID have produced inconstant results. In recent 
Japanese studies, the 825T allele was related to FD. 2,15 More re- 
cently, Korean studies showed that GNB3 polymorphism is not 
associated with FD or IBS. 16 ' 17 Such differences are probably due 
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to ethnic variations and the multiple pathogenetic mechanisms 
of FOLD. 

In our previous study, we have shown that GNB3 825T allele 
is associated with irritable bowel syndrome (IBS) with consti- 
pation in Koreans. 18 In this study, we aimed to uncover a link 
between FD and GNB3 polymorphism in a genetically homog- 
enous Korean population. In addition, we tried to assess the role 
of GNB3 polymorphism on the long-term prognosis of FD and 
to further assess other prognostic factors of FD after 5 years. 

MATERIALS AND METHODS 

1. Study population 

FD patients and normal healthy controls were recruited be- 
tween December 2006 and June 2007 among patients who vis- 
ited our center. All of the subjects completed a self-administered 
questionnaire based on the Rome III criteria and agreed to 
genetic analysis for GNB3 polymorphism. After completing the 
informed consent forms, the subjects underwent both an upper 
gastrointestinal endoscopy and a colonoscopy to exclude or- 
ganic diseases such as peptic ulcer disease, reflux esophagitis, or 
malignancy. Subjects with FD symptoms who met the Rome ru 
criteria were recruited as FD patients, whereas subjects without 
symptoms were recruited as healthy controls. 

This prospective study was approved by the Institutional 
Review Board of the Konkuk University School of Medicine 
(KUH1010398), which confirmed that the study was in accor- 
dance with the ethical guidelines of the Declaration of Helsinki. 
Subjects were aware that their care did not in any way depend 
on their participation or nonparticipation in the study. 

2. Questionnaires 

The study questionnaires consisted of items on demograph- 
ics, social history, past medical history, Rome in criteria survey, 
and the validated Korean version of Beck's Depressive Inven- 
tory (BDI) to determine depression status. 19 FD was diagnosed 
when there was one or more of the following symptoms based 
on Rome HI criteria. Firstly, bothersome postprandial fullness 
which means one is uncomfortably full after regular sized meal 
for more than once a day or a week that happened more than 
6 months ago. Secondly, early satiation which means one is 
unable to finish regular sized meal for more than once a day 
or a week that happened more than 6 months ago. Thirdly, 
epigastric pain or burning which means a pain or burning in 
middle of abdomen at least once a day or a week that happened 
more than 6 months ago. The subjects were diagnosed as FD 
if criteria fulfilled for the last 3 months with symptom onset at 
least 6 months prior to diagnosis, and if there is no evidence of 
structural disease (including at upper endoscopy) that is likely to 
explain the symptoms. FD has been subclassified into two dis- 
ease categories under the Rome in criteria, postprandial distress 
syndrome (PDS) and epigastric pain syndrome (EPS). 



PDS was diagnosed when both of the following criteria were 
satisfied. Firstly, bothersome postprandial fullness occurring af- 
ter ordinary sized meals at least several times per week (uncom- 
fortably full after regular sized meal, more than once a day or a 
week). Secondly, early satiation that prevents finishing a regular 
meal at least several times per week (unable to finish regular 
sized meal more than once a day or a week). 

EPS was diagnosed when all of the following six criteria were 
satisfied. Firstly, pain or burning localized to the epigastrium of 
at least moderate severity at least once per week (pain or burn- 
ing in middle of abdomen at least moderate severity that occurs 
at least once a day or a week). Secondly, the pain is intermittent 
which indicates that pain or burning often disappears complete- 
ly in the same day. Thirdly, pain is not generalized or localized 
to other abdominal or chest regions (chest pain and heartburn 
occurs once a month or less often). Fourthly, pain is not relieved 
by defecation or passage of flatus, and never or rarely gets 
better after defecation. Fifthly, pain does not fulfill criteria for 
biliary pain. Sixthly, criteria fulfilled for the last 3 months with 
symptom onset at least 6 months prior to diagnosis. 

Mixed type was diagnosed when the subject fulfilled both cri- 
teria of PDS and EPS subtypes. 

Based on Rome rn criteria, IBS was defined as recurrent ab- 
dominal pain or discomfort for at least 3 days per month in 
the past 3 months that is associated with two or more other 
symptoms such as improvement with defecation, onset of pain 
or discomfort is associated with a change in frequency of stool 
and with a change in form of stool. Four subgroups of LBS were 
classified according to the Bristol stool form scale: diarrhea pre- 
dominant LBS, constipation predominant LBS, mixed IBS, and 
unclassified LBS. 

3. Genetic analysis 

Genomic DNA was extracted from buccal epithelial cells 
that were collected with cotton swabs using a QIAamp Kit 
(Qiagen, Hilden, Germany) as previously described in our pre- 
vious study. 18 Genotyping of the C825T polymorphism was 
performed according to the polymerase chain reaction (PCR)- 
based method followed by the restriction fragment length 
polymorphism technique. For genotypying of the GNB3 825C/T 
polymorphism, the DNA fragment amplification was performed 
with the sense primer 5'-TGA CCC ACT TGC CAC CCG TGC-3' 
and the antisense primer 5-GCA CCC ACT TGC CAC CCG TGC- 
3'. PCR products were subsequently incubated overnight with 
the restriction endonuclease BseDI, which cuts at the 825 site, 
and the products was electrophoresed on 3°/o agarose gels and 
stained with ethidium bromide. The presence or absence of the 
restriction BseDI site determines whether a single 268-bp frag- 
ment (allele T) or two fragments of 1 16 and 152 bp (allele C) are 
produced. 
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4. Follow-up after 5 years 

In June 2012, which was consistent with a 5-year follow-up 
period after the initial enrollment, the subjects were contacted 
by one physician (H.A.C.) for their current status. Of the 131 
eligible subjects, 116 subjects completed the follow-up ques- 
tionnaires, including Rome III criteria, and thus the response 
rate after 5 years was 88.5%. Of these 1 16 followed-up subjects, 
one was excluded from the study because of a newly developed 
organic disease (ulcerative colitis). Therefore, 115 subjects were 
analyzed for the follow-up data. 

5. Statistical analysis 

The distribution of the GNB3 genotypes was analyzed accord- 
ing to the Hardy- Weinberg equilibrium. A goodness of fit of 
the Hardy-Weinberg equilibrium was determined for the study 
groups to identify deviations from the normal genotype distri- 
bution. Thus, we compared the expected prevalence of the vari- 
ous alleles with the prevalence found in our study population. 
Deviations from the Hardy-Weinberg equilibrium were tested 
using chi-square tests. The chi-square tests and Student t-tests 
were used in the assessment of differences in variables between 
groups. Odds ratios (ORs) and corresponding 95% confidence 
intervals (CIs) were estimated by a multiple logistic regression 
model for the long-term follow-up data. For the statistical anal- 
ysis, SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used. 
A p-value less than 0.05 was considered statistically significant. 



Table 1. Baseline Characteristics of the Subjects 



Characteristic 


Functional 
dyspepsia 
patients 
(n=50) 


Healthy 
controls 
(n=81) 


p-value 


Age 


46.8±15.7 


50.5±11.1 


0.128 


Gender, male:female 


21:29 


41:40 


0.211 


Body mass index, kg/m 2 


22.6±3.7 


23.6±3.1 


0.138 


Current smoking, °/o 


19.5 


15.2 


0.621 


Current drinking, °/o 


50.0 


52.5 


0.851 


Beck's depressive inventory* 






0.228 


Normal 


39 


71 




Mild 


7 


8 




Moderate 


4 


2 




Severe 


0 


0 





Data are presented as mean±SD or number. 

"Cutoff values for the total Beck's depressive inventory score in males 
were as follows: 1) normal (<15 points), 2) mild depressive mood (16 
to 19 points), 3) moderate depressive mood (20 to 23 points), and 4) 
severe depressive mood (>24 points). The cutoff values in females 
were 1 point higher than those in males: 1) normal (<16 points), 2) 
mild depressive mood (17 to 20 points), 3) moderate depressive mood 
(21 to 24 points), and 4) severe depressive mood (>25 points). 



RESULTS 

1. Characteristics of FD patients and normal controls 

Between December 2006 and June 2007, 81 normal controls 
and 50 FD patients were included in the study. There were no 
significant differences between FD cases and healthy controls 
in age, gender, body mass index, smoking, drinking status, and 
score on the BDI (Table 1). Of the 50 FD patients, 16 patients 
were EPS-predominant type, 27 were PDS-predominant type, 
and seven were mixed type. Thirty-five of the 50 FD patients 
showed overlap with IBS. FD-FBS patients consisted of 20 IBS- 
diarrhea dominant type, three IBS-constipation dominant type, 
and 12 IBS-mixed type. There was no IBS-unclassified type in 
our study population. 

2. GNB3 genotype distributions in FD patients and normal 
controls 

GNB3 polymorphism was investigated at the time of the ini- 
tial enrollment, and GNB3 825T carrier status was significantly 
related to FD (p=0.040). Although homogenous GNB3 825T 
carrier status showed a tendency to be related to FD, the sta- 
tistical difference was not significant (p=0.060). There was no 
difference on GNB3 genotype between the EPS-predominant FD 
patients and the PDS-predominant FD patients (p=0.571) (Table 
2). 

3. Long-term follow-up after the 5 years 

Of the 115 individuals, 34 subjects matched the FD criteria 
after 5 years of the follow-up period (Fig. 1). There was no link 
between the GNB3 genotype and the presence of FD after 5 
years (p=0.798). Regardless of the GNB3 genotype, female sub- 
jects (40.7%) showed a higher prevalence of FD than male sub- 
jects (17.9o/o) after 5 years (OR, 3.3; 95% CI, 1.2 to 9.1 ; p=0.008). 
In addition, subjects who were initially diagnosed as FD showed 
higher prevalence of FD after 5 years (61.0%) than those with- 



Table 2. Genotype and Allele Frequencies of the G Protein (33 Gene 



Healthy 
controls 
(n=81) 



EPS 
(n=16) 



PDS 
(n=27) 



Mixed FD total 
(n=7) (n=50) 



GNB3 genotype 

CC 15(18.5) 2(12.5) 5(18.5) 

CT 51 (63.0) 13 (81.2) 12 (44.4) 

TT 15 (18.5) 1 (6.2) 10 (37.0) 

Allele frequency of GNB3 

C allele frequency 81 (50.0) 17 (53.1) 22 (40.7) 

T allele frequency 81 (50.0) 15 (46.8) 32 (59.3) 



1 (14.3) 5 (10.0) 

2 (28.5) 27 (54.0) 
4(57.1) 18(36.0) 

4 (28.5) 37 (37.0) 
10 (71.5) 63 (63.0)* 



Data are presented as number (°/o). 
EPS, epigastric pain syndrome; PDS, posqarandial 
FD, functional dyspepsia; GNB3, G protein (33. 
*p=0.04; odds ratio, 1.70; 95°/o confidence interval, 



distress syndrome; 
1.02 to 2.83. 
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From December 2006 to June 2007, 131 subjects were included. 
Classified as 50 FD patients and 81 healthy controls. 



GNB3 polymorphism 


FD patients, no. 
(male:female) 


Healthy controls, no. 
(male:female) 


CC genotype 


5 (2:3) 


15(11:4) 


CT genotype 


27 (11:16) 


51 (22:29) 


TT genotype 


18 (7:11) 


15(9:6) 




41 FD and 74 normal controls were followed up after 5 years. 




GNB3 polymorphism 


FD patients, no. 
(male:female) 


Healthy controls, no. 
(male:female) 


CC genotype 


5 (2:3) 


13 (8:5) 


CT genotype 


21 (11:10) 


47 (22:25) 


TT genotype 


15 (4:11) 


14 (9:5) 



Fig. 1. Flow diagram for the sub- 
jects according to G protein p3 
(GNB3) polymorphism and sex. The 
flow diagram shows that 25 (61.0°/o) 
of the 41 functional dyspepsia (FD) 
patients and 9 (12.2%) of the 74 
normal controls were diagnosed 
with FD after 5 years. 



Re-evaluated using Rome III criteria. M 



41 Initial FD patients 



GNB3 
genotype 


FD, no. 
(male:female) 


No FD, no. 
(male:female) 


CC 


4(1:3) 


1 (1:0) 


CT 


12(5:7) 


9(6:3) 


TT 


9(2:7) 


6 (2:4) 



74 Initial healthy controls 



GNB3 
genotype 


FD, no. 
(male:female) 


No FD, no. 
(male:female) 


CC 


1 (0:1) 


12 (8:4) 


CT 


7 (2:5) 


40 (20:20) 


TT 


1 (0:1) 


13 (9:4) 



Table 3. Logistic Regression Results for Independent Prognostic Fac- 
tors Associated with Functional Dyspepsia after 5 Years 





OR 


95% CI 


p-value 


Age >50 yr 


1.003 


0.966-1.041 


0.884 


Female gender 


3.376 


1.242-9.177 


0.017 


Subtypes of 
functional dyspepsia 


0.680 


0.259-1.789 


0.435 


Functional dyspepsia 
at initial enrollment 


11.700 


4.391-31.172 


<0.001 



OR, odds ratio; CI, confidence interval. 



out FD at the time of study enrollment (12.2%) (OR, 11.7; 95% 
CI, 4.3 to 31.1; p<0.001). Age and subtypes of FD were not re- 
lated to long-term prognosis (Table 3). 

4. FD-IBS overlap and the prognosis after 5 years 

An FD-LBS overlap was diagnosed in 35 (70.0%) of the FD 
patients at the time of enrollment, while 15 of the patients 
were classified as FD alone. Of the 35 FD-LBS overlap patients, 
30 were followed-up after 5 years. Ten (62.5%) of the 16 IBS- 
diarrhea dominant type patients presented with FD after 5 years, 
whereas one (33.3%) of the three IBS-constipation dominant 
type patients presented with FD after 5 years. Seven (63.6%) of 
the 1 1 IBS-mixed type patients presented with FD after 5 years. 



In total, seven (63.6%) of the 1 1 FD-only patients and 18 (60.0%) 
of the 30 FD-D3S overlap patients were diagnosed with FD after 
5 years (Fig. 2). 

DISCUSSION 

In this case-control association study, we found that the 
GNB3 allele frequency with T is linked to FD in Koreans, but it 
does not predict the long-term prognosis of FD. Regardless of 
the GNB3 genotype, the presence of FD after 5 years was related 
to female gender and to those who had been diagnosed as hav- 
ing FD. 

GNB3 82 5T carrier status was significantly higher in FD pa- 
tients than in healthy controls at the baseline of our study. This 
is consistent with a Japanese study that found an association 
between homozygous GNB3 825T status and Japanese dys- 
peptic subjects without Helicobacter pylori infection. 2 Another 
Japanese study had the similar finding that the GNB3 825 TT 
genotype is associated with EPS. 15 In addition, we showed that 
the GNB3 825T allele is associated with Korean IBS patients 
who have constipation in a recent study. 18 These findings can 
be explained by the fact that GNB3 T allele increases signal 
transduction upon G protein-coupled receptor activation, which 
is associated with a visceral hypersensitivity that can lead to 
symptomatic generation. 20 In contrast, a study from Germany 
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15 FD without IBS 



After 5 years 



4 F/U lost 



7 Persistent FD 



4 Improved 



20 FD with IBS-diarrhea 



4 F/U lost 



10 Persistent FD 



6 Improved 



3 FD with IBS-constipation 



12 FD with IBS-mixed 



No F/U lost 



1 F/U lost 



1 Persistent FD 



2 Improved 



7 Persistent FD 



4 Improved 



Fig. 2. Prognosis of patients with 
functional dyspepsia (FD)-irritable 
bowel syndrome (IBS) overlaps after 
5 years. Of the 35 overlapping pa- 
tients, 30 were followed up after 5 
years. 

IBS, irritable bowel syndrome; F/U, 
follow-up. 



found that homozygous GNB3 825C is associated with upper 
abdominal symptoms that are unrelated to meals. 21 Further- 
more, a study from the US revealed that meal-unrelated dyspep- 
sia is associated with both the homozygous GNB3 825T and C 
genotypes. 22 Such various results can be partially explained by 
differences in genotypic composition of different populations in 
different countries, which comprise different racial groups. In 
fact, T allele frequency in the GNB3 polymorphism is known to 
be higher in Asians (42% to 53%) than in Caucasians (27% to 
420/o). 23 ' 24 

The prognosis of FD might differ according to various 
pathophysiological disturbances. Studies showed clustering of 
FGID within families, and studies of twins suggest that both 
genetic and environmental factors influence FD. 9 ' 25 Therefore, 
one suspects that the long-term prognosis of FD can be in- 
fluenced both by genetic and environmental factors. Notably, 
in the present study, there was no association between GNB3 
polymorphism and the presence of FD after 5 years from initial 
diagnosis. Based on our finding, it is clear that FD is not caused 
by a single genetic factor, hence, further research is required 
to elucidate the specific signal transduction pathways affected 
by these genetic factors and environmental factors. In other 
words, potential risk factors for FD, including age, gender, diet, 
lifestyle, H. pylori infection, smoking, drinking, or psychological 
disturbances, should be considered significant when predicting 
the prognosis of FD. 26 ' 27 Unfortunately, we were not able to in- 
vestigate on environmental factors including food and stress in 
the current study. 

Predictive factors, including GNB3 genotypes, for the long- 
term prognosis of FD are still uncertain. A recent population- 
based study showed that FGID decreased upon aging, 28 and 
another study showed that psychic vulnerability is a predictive 
factor for a poor prognosis of FD, 29 these studies but did not 
perform genetic analysis. In our study, regardless of the GNB3 
genotype, females showed higher prevalence of FD than males 
after 5 years. It is well known that women have more severe 
nausea, satiety, constipation, and overall gastroparesis symp- 



toms than men. 30 Another study confirmed that prolonged gas- 
tric emptying in patients with FD is related to the female gender, 
while the abnormalities of the meal intragastric distribution ap- 
pear to occur in dyspeptic males and females. 31 They found that 
anxiety is frequent in FD and appears to be related to abnormal 
antral retention of food in females as observed in delayed gas- 
tric emptying and poor proximal gastric motor function. There 
also appear to be gender differences in the psychosocial realm, 
with dyspeptic women experiencing a lesser sense of well-being 
than dyspeptic men, as well as an association between a history 
of abuse and FD. 32 Therefore, we can assume that such gender- 
related differences have led to a higher prevalence of FD in our 
female subjects than in male subjects by decreasing the pain 
tolerance. 

In conclusion, we demonstrated that the GNB3 T allele fre- 
quency is linked to FD in Koreans, but that it does not predict 
the long-term prognosis of FD. Regardless of the GNB3 geno- 
type, recurrence of FD is higher in women. Taken as a whole, 
gender should be considered more significantly than genetic 
polymorphisms when taking care of FD patients over a long- 
term period. 
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